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REMARKS 

I. Status of Claims 

Claims 45-88 are currently pending. Without prejudice or disclaimer, claim 88 
has been amended. Section 112 support for the amendment may be found, for 
example, on page 16, line 29 to page 17, line 7. Thus, no new matter has been added. 

Applicants thank the Office for withdrawing the objection to claim 67. 

II. Rejection under 35 U.S.C. 5 112, H 2 

The Office maintains the rejection of claim 88 under 35 U.S.C. § 1 12, H 2, as 
allegedly being indefinite. See Office Action at 2 and 5. Specifically, the Office 
questions what encompasses "industrial, sport or safety surfaces," and "sound barriers . 
. . automotive locary; pipe or hose materials; roofing materials; and geomembranes" 
allegedly "fail to explicitly show where or to what extent the composition is a part of/or is 
that product." Id The Office also questions what is meant by "surfaces." Id The 
Office also asserts that "the recitation may have unobvious meanings, such as a sport 
surface could be a grass ball field, a ball bat, a ball, a ball glove. Id The Office also 
requires Applicant to the remove of the word "locary" or to provide a dictionary citation. 
Id 

Applicants respectfully traverse for the following reasons. 

To advance the prosecution, Applicants have amended claim 88 to remove 
recitation to "automotive locary" and add "wheel arch liner." Upon further investigation, 
the reference to "locary" is due to an inadvertent failure to translate a term. As can be 
seen by the attached Italian and English versions of the same webpage, "locary" means 
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wheel arch liner, www.sanvaleriano.it (English and Italian versions attached hereto). 

Accordingly, we believe no new matter is added by this correction. Applicants have also 

amended claim 88 to remove recitation to "industrial, sport or safety surfaces" and add 

"flooring for recreational areas." Thus, claim 88 merely recites specific classes of 

manufactured products comprising a thermoplastic material according to claim 45. It is 

submitted that, as amended, there cannot be confusion regarding the metes and 

bounds of a claim that identifies classes of materials that commonly comprise 

elastomeric materials. 

It is also irrelevant what portion and to what extent the product comprises the 

claimed material, so long as it does comprise the claimed material. As M.P.E.P 

§2173.04 explains: 

Breadth of a claim is not to be equated with indefiniteness. In 
re Miller, 441 F.2d 689, 169 USPQ 597 (CCPA 1971). If the 
scope of the subject matter embraced by the claims is clear, 
and if applicants have not otherwise indicated that they 
intend the invention to be of a scope different from that 
defined in the claims, then the claims comply with 35 U.S.C. 
1 1 2, second paragraph. 

Accordingly, Applicants respectfully submit that the rejection is moot in light of 
the amendments and should be withdrawn. 

III. Rejection under 35 U.S.C- § 102 

The Office maintains the rejection of claims 45-48, 58-60, 64-66, 70-78, 87, and 
88 under 35 U.S.C. § 102(e) as allegedly anticipated by U.S. Patent No. 6,476,1 17 to 
Wang et al. ("Wang"). See Office Action at 3. 

Applicants respectfully traverse the rejection for the following reasons. 
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In order for Wang to anticipate the claimed invention, each and every element as 

set forth in the claim must be found, either expressly or inherently, in Wang. See 

M.P.E.P.§2131. 

Under the M.P.E.P. and the relevant case law, Wang does not anticipate the 
claimed invention. Specifically, the claimed invention recites (emphasis added): 
A thermoplastic material comprising 

(a) 5% by weight to 95% by weight of a vulcanized rubber in 
a subdivided form; 

(b) 5% by weight to 95% by weight of at least one 
heterophase copolymer comprising a thermoplastic phase 
made from a propylene homopolymer or copolymer and an 
elastomeric phase made from a copolymer of ethylene with 
an a-olefin; and 

(c) 0% by weight to 90% by weight of at least one a-olefin 
homopolymer or copolymer different from (b); 

the amounts of (a), (b) and (c) being expressed with respect 
to the total weight of (a) + (b) + (c). 

The Office asserts that Wang teaches, "20 to about 99% by weight heterophase 
copolymer." See Office Action at 3. 

Applicant maintains that Wang does not teach a heterophase copolymer. In fact 
the word "heterophase" copolymer is not in Wang. 

In response to Applicant's April 6, 2009 Response, the Office has made two 
arguments. First, the Office has incorrectly argued that "the instant claims do not 
exclude the concept of Wang et al at column 2 (lines 24-29) since the term "multiblock " 
is deemed to embrace a diblock polymer." Office Action at 5. In fact, the polymers of 
Wang can not be diblock polymer or a sequential polymer. 
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In the specification, Wang discloses a "multiblock" polymer but also discloses 
that the its invention requires "at least one soft... polymeric segment and at least two 
hard...polyalkylene segments." Wang at col. 2, II. 24-30 and col. 3, II. 1-6. This 
passage illustrates that Wang can not encompass a "diblock" copolymer but at a 
minimum encompasses a "triblock" copolymer. One of skill in the art would recognize 
that there is a clear distinction between diblock, triblock, terblock, graft, blockgraft, 
multiblock, and random, which can even be seen in graphical representations in F. 
Calleja and Z. Roslaniec, Block Copolymers , p. 283 (2000) (attached hereto). In 
addition, column 2, lines 24-30 illustrates that the blocks in Wang are arranged without 
order or randomly. In contrast, the present invention is a "sequential copolymerization." 
Applicant's specification at pg. 6, II. 1-16. Therefore, Wang differs from the invention in 
that it can not be a diblock copolymer nor can it be a sequential copolymer. 

Second, the Office argues that the "manner of production does not provide 

weight in the patentability of the claims since the products are deemed to be identical." 

Id at 5-6. Process limitations, however, cannot to be ignored if they yield a structural 

difference as the M.P.E.P. § 21 13 has explained: 

The structure implied by the process steps should be considered 
when assessing the patentability of product-by-process claims over 
the prior art, especially where the product can only be defined by 
the process steps by which the product is made, or where the 
manufacturing process steps would be expected to impart 
distinctive structural characteristics to the final product. See, e.g., 
In re Garnero, 412 F.2d 276, 279, 162 USPQ 221, 223 (CCPA 
1979) (holding "interbonded by interfusion" to limit structure of the 
claimed composite and noting that terms such as "welded," 
"intermixed," "ground in place," "press fitted," and "etched" are 
capable of construction as structural limitations.) 
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As discussed below, being a heterophase copolymer implies a structure that exclude 

the copolymers of Wang. 

One of skill in the art would recognize that a heterophase polymer is formed by 
sequential copolymerization which is a specific type of polymerization. Applicant's 
Specification at pg. 6, II. 1-16. 

One of skill in the art would also recognize that different methods of 
polymerizations can result in structurally different having different molecular weights, 
molecular weight distributions, crystallinity, branching, and repeat units. George Odian, 
Principles of Polymerization . 1-9 and 17-36 (2004) (attached hereto). The different 
polymers would then have different applications and mechanical properties due to the 
different characteristics. Id. 

A common sequential polymerization technique for making a heterophase 
copolymer is referred to as Catalloy technology. An example of this technology can be 
found in U.S. Patent No. 5,286,564 at col. 3, II. 6-12 and col. 6, II. 65 to col. 7, II. 43. 
The present specification discloses the sequential copolymerization first of propylene 
and then a mixture of ethylene with an a-olefin, like propylene, which is consistent with 
the Catalloy technique. Applicant's Specification at pg. 6, II. 1-16. In the Catalloy 
technology, an amorphous/elastomeric ethylene-propylene copolymer is molecularly 
dispersed in a predominately semicrystalline/thermoplastic propylene-ethylene 
copolymer. The technique employs a multistep reactor and the polymerization of 
different monomers is done sequentially, resulting in an intimate mixture of the phases 
of the heterophase copolymer but not a chemical link. The lack of a chemical link 
demonstrates another way the copolymer of claim 45 is structurally different from Wang. 
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As stated in Wang, the polymers are synthesized using condensation 
polymerization. Wang at col. 7, lines 56-60 and Example 1 . One of skill in the art would 
know that condensation is defined in chemistry as "a chemical reaction involving union 
between molecules often with elimination of a simple molecule (as water) to form a new 
more complex compound of often greater molecular weight." Webster's Ninth New 
Collegiate Dictionary. 273 (9 th 1990). Condensation polymerization could not produce 
a polymer that falls within the definition of heterophase copolymer. The polymerization 
in Wang contains a chemical link in contrast to the heterophase copolymer which is 
lacking in a chemical link.. 

Furthermore, as noted by the Examiner, Wang describes its polymers as "multi- 
block" (really tri-block or greater) polymers. Wang at col. 2, lines 24-30, col. 3, lines 1-6. 
A block polymer is a polymer molecule with alternating sections of one chemical 
composition separated by sections of a different chemical composition. Hawlev's 
Condensed Chemical Dictionary , 151 (13th ed. 1997). Thus, as a block polymer, Wang 
does not have separate physical phases that can be thermoplastic phase and 
elastomeric phase, as claimed. At best, each polymer molecule of Wang has sections 
that are thermoplastic or elastomeric in nature. Therefore, Wang does not contain a 
heterophase polymer as in claim 45 of the present disclosure and the polymers are not 
identical as claimed by the Office. 

Since Wang does not contain a heterophase polymer, it does not anticipate 
because it fails to teach or suggest every limitation of the claimed invention. Thus, 
Applicants respectfully submit that the rejection should be withdrawn. 
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IV. Rejections under 35 U.S.C. §103 

A. The Examiner rejects claims 45-53, 58-60, 64-78, 87, and 88 under 
35 U.S.C. § 102(e) as anticipated by, or, in the alternative, under 35 U.S.C. § 103 as 
allegedly being unpatentable over Wang. See Office Action at 3-4. 

Applicants respectfully traverse for the following reasons. 

As discussed above, Wang fails to anticipate the claimed invention because it 
fails to teach each and every limitation of the claimed invention. For this reason, Wang 
cannot anticipate claims 45-53, 58-60, 64-78, 87, and 88. 

With respect to obviousness, the Examiner bears the initial burden of factually 
supporting any prima facie conclusion of obviousness. See M.P.E.P. § 2142. In KSR 
Int'l Co. v. Teleflex Inc., 82 U.S.P.Q.2d 1385 (2007), the Supreme Court confirmed that 
the "framework for applying the statutory language of §103" is still based on its 
landmark decision in Graham v. John Deere Co. of Kansas City, 148 U.S.P.Q. 459 
(1966). Under Graham, four factors must be considered when determining whether an 
invention is obvious: (1) the scope and content of the prior art; (2) the differences 
between the prior art and the claims at issue; (3) the level of ordinary skill in the art; and 
(4) secondary considerations. 148 U.S.P.Q. at 467. The obviousness or non- 
obviousness of the claimed invention is then evaluated in view of the results of these 
inquiries. See Graham, 148 U.S.P.Q. 467; see also KSR, 82 U.S.P.Q. 2d at 1388. 
Implicit in this analysis is the requirement that the Office show that each and every 
element of the rejected claims is disclosed in the prior art. M.P.E.P. § 2143.03. 
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In the instant case, the Examiner has not established a prima facie case of 
obviousness, at least because Wang does not teach or suggest a process having each 
and every element of the pending claims. 

Further, there would be no motivation or reasonable expectation of success from 
modifying the product of Wang. Wang is directed towards damping which is defined as 
"the absorption of mechanical energy, such as vibrational or sound energy." Wang at 
col. 1 , 11.17-18. Wang's invention and its advantages derive from the polymer having 
these "hard" and "soft" segments. Nothing in Wang teaches or suggests such an 
advantage would be or could be maintained by using a heterophase polymer. In fact, 
as discussed above, different polymerization techniques can result in very different 
polymers. The different polymers may not have the desired properties. Thus one of 
skill in the art would not be motivated to modify Wang because there would be a 
reasonable expectation of failure to such a modification.. M.P.E.P. § 2143.01 (V) ("If 
proposed modification would render the prior art invention being modified unsatisfactory 
for its intended purpose, then there is no suggestion or motivation to make the proposed 
modification."). 

For this reason, Applicants respectfully submit that the rejection is improper and 
should be withdrawn. 

B. The Examiner rejects claims 45-88 under 35 U.S.C. § 1 03 as allegedly 
being unpatentable over Wang in view of U.S. Patent No. 4,818,785 to Otawa et al. 
("Otawa"). See Office Action at 4. The Examiner even concedes that Wang "is silent as 
to the specific rubber employed as the cryogenically ground rubber or the inclusion of a 
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second thermoplastic resin (c)." See id. However, the Examiner argues that Otawa 

allegedly cures these deficiencies. See id. 

Applicants respectfully traverse for the following reasons. 

First, for the reasons provided above, Applicants submit that Wang does not 
teach all that the Examiner believes it does and a person of ordinary skill in the art 
would not be motivated to modify Wang and would not have a reasonable expectation 
of success from such a modification. 

Similarly, Applicants submit that one skilled in the art would not be motivated to 
modify Wang to encompass the polymer of Otawa. As discussed above, Wang's 
invention is based on the structure of the polymer. Nothing in Otawa or Wang suggests 
that their respective polymers are interchangeable. M.P.E.P. § 21 43.01 (V). 

For these reasons, Applicants respectfully submit that the rejection should be 
withdrawn. 

CONCLUSION 

In view of the foregoing amendments and remarks, Applicants respectfully 
request reconsideration of this application and the timely allowance of the pending 
claims. 

If the Examiner believes a telephone conference could be useful in resolving any 
outstanding issues, he is respectfully invited to contact Applicant's undersigned counsel 
at (202) 408-4275. 
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Please grant any extensions of time required to enter this response and charge 
any additional required fees to our Deposit Account No. 06-0916. 



Attachments: 

www.sanvaleriano.it (English and Italian versions) 
F. Calleja and Z. Roslaniec, Block Copolymers , p. 283 (2000) 
George Odian, Principles of Polymerization . 1-9 and 17-36 (2004) 
Webster's Ninth New Collegiate Dictionary. 273 (9 th 1990) 
Hawlev's Condensed Chemical Dictionary . 151 (13th ed. 1997) 



Respectfully submitted, 



FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, LLP. 



Dated: August 21 , 2009 




Anthony Haftmann 
Reg. No. 43,662 
(202) 408-4000 
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Annex 



Polymer Blends AiiNIMCA 283 

Before these topics are addressed, it is necessary to define the class of block 
copolymers. Symmetric diblock copolymers with long blocks such as indicated in 
Fig. 1 are excellent representatives of this class. But (a) diblock copolymers with 
two short blocks or with one Jong and one short block, (b) triblock, (c) multiblock. 
and (d) graft copolymers have a btocky architecture, too. as have terblock and 
blockgraft copolymers, which consist of three monomer units (Fig. 2). It is thus 
hard to distinguish the block copolymers from the others. 

But a copolymer demonstrates its bloekiness definitely when its blocks seg- 
regate from one another. In the context of this chapter, therefore, one can define 
good block copolymers for blends as follows: They must be able to behave as in 
Fig. U proving their bloekiness by segregating in the interfaces of blends. Using 
this definition, all copolymers in Fig. 2 but the multiblock and the random copoly- 
mers can be block copolymers. Theoreticians prefer to deal with diblock copoly- 
mers, but triblock and graft copolymers are, in fact, much more important in in- 
dustry (20). Graft copolymers ag& may have the biggest potential. 

abflba 
tob!M„ 



Fig, 2 Types of copolymers: diblock (ofrp), triblock (abfiba), terblock tab&b y), graft 
tag$*% blockgraft l<xbft$y>. multiblock {(ctfrp)*). random <tK»0)- 
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CHAPTER 1 



INTRODUCTION 



Polymers are macromolecules built up by the linking together of large numbers of much 
nZZZS* The small molecules that combine with each other to form polymer mole- 

1-1 TYPES OF POLYMERS AND POLYMERIZATIONS 

There has been and still is considerable confusion concerning the classification of polymery 

of pSymers. The step^hain classification is based on me mechanisms of the poly- 
merization processes. 
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2 INTRODUCTION 

1-1a Polymer Composition and Structure 

Polymers were originally classified by Carothers [1929] into condensation and addition poly- 
mers on the basis of the compositional difference between the polymer and the monomers) 
from which it was synthesized. Condensation polymers were those polymers that were 
formed from polyfunctional monomers by the various condensation reactions of organic 
chemistry with the elimination of some small molecule such as water An example of 
such a condensation polymer is the polyamides formed from diamines and diacids with 
the elimination of water according to 



nH 2 N-R-NH 2 + nHO^-R'-CX^H - — - 
H-fNH-R-NHCO-R'-CO-fOH + (2n-l)H 2 0 



(1-1) 



where R and R' are aliphatic or aromatic groupings. The unit in parentheses in the polyamide 
formula repeats itself many times in the polymer chain and its termed the repeating unit. 
the elemental composition of the repeating unit differs from that of the two monomers by the 
elements of water. Hie polyamide synthesized from hexamethylene diamine, R = (CH 2 ) 6 , 
and adipic acid, R' = (CH 2 ) 4 , is the extensively used fiber and plastic known commonly 
as nylon 6/6 or poly(hexamethylene adipamide). Other examples of condensation polymers 
are the polyesters formed from diacids and diols with the elimination of water and the 



/zHO-R-OH + /iHC^C-R'-CC^H 

H-f-O-R-0CO-R'-CO-)-OH + (2n-l)H 2 0 



(1-2) 



polycarbonates from the reaction of an aromatic dihydroxy reactant and phosgene with the 
elimination of hydrogen chloride: 



"HO^^^— R— OH + nd-CO-Cl - 

H "f 0 "~^^" R ^^^"°" CO "[ a + (2 "- 1)HCI 



(1-3) 



The common condensation polymers and the reactions by which they are formed are shown 
in Table 1-1. It should be noted from Table 1-1 that for many of the condensation polymers 
there are different combinations of reactants that can be employed for their synthesis. 
Thus polyamides can be synthesized by the reactions of diamines with diacids or diacyl 
chlorides and by the self-condensation of amino acids. Similarly, polyesters can be synthe- 
sized from diols by esterification with diacids or ester interchange with diesters. 

Some naturally occurring polymers such as cellulose, starch, wool, and silk are classified 
as condensation polymers, since one can postulate their synthesis from certain hypothetical 
reactants by the elimination of water. Thus cellulose can be thought of as the polyether 
formed by the dehydration of glucose. Carothers included such polymers by defining conden- 
sation polymers as those in which the formula of the repeating unit lacks certain atoms that 
are present in the monomer(s) from which it is formed or to which it may be degraded. In this 
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4 INTRODUCTION 



sense cellulose is considered a condensation polymer, since its hydrolysis yields glucose 
which contains the repeating unit of cellulose plus the elements of water 



CH 2 OH 
CH— O 



H--O-CH 



CH--OH + (n-I)H 2 0 
CH— CH 
OH OH 

CeUulose 



CH 2 OH 
CH— O 



«HO-CH 



CH-OH 



(M) 



CH-CH 
1 1 
OH OH 

Glucose 



_ Addition polymers were classified by Carothers as those formed from nonomers without 
the loss of a small molecule. Unlike condensation polymers, the repeating unit of an addition 
polymer has the same composition as the monomer. The major addition polymers are those 
formed by polymerization of monomers containing the carbon-carbon double bond. Such 
monomers will be referred to as vinyl monomer* throughout this text (The term vinyl, strictly 
speaking, refers to a CH 2 =CH- group attached to some substituent. Our use of the term 
vmyl monomer is broader-it applies to all monomers containing a carbon-carbon double 
bond, mcmoing monomers such as methyl methacrylate, vinylidene chloride, and 2-butene 
as well as vmyl chlonde and styrene. The term substituted ethylenes will also be used inter- 
changeably wnh the term vinyl monomers.) Vmyl monomers can be made to react with 
ttiemselves to form polymers by conversion of their double bonds into saturated linkages 
ior example . 



nCH 2 =CHY 



-f-CH 2 -CHY-)- 



(1-5) 



Sr/JT ^Ti^^ m SUCh 35 hydr °^ nMle > ester, acid, 

ketone, ether, and halogen. Table 1-2 shows many of the common addition polyme s and 

the monomers from which they are produced. 

oolv^T 10 ^ 0f r lym&: SdenCe With StUdy ° f new Polymerization processes and 
KZS tZl , classification b * Carothers was not entirely adequate and 

he 221? ^ , ^ f ° r eXample ' C ° DSider ^ P^^thanes, which are7ormed by 
the reaction of diols with dnsocyanates without the elimination of any small moiecule- 



nHO-R-OH + nOCN-R'-NCO 
HO-fR-OCONH-R'-NHCO-O^- 



(n-i) 



R~OCONH-R'-NCO 



(1-6) 



.° ng ? classification » one w <>uld classify the polyurethanes as addition 
polymers, since the polymer has the same elemental composition as the sum of the mono- 
T Vef ; 1 P °iy urethanes " stnicturaUy much more similar to the condensation 
polymers than to the addition polymers. Hie urethane linkage (-NH-CO-O-) has much 
in common with the ester (-CO-OS and amide (-NH-CO-) linkages 

To avoid the obviously incorrect classification of polyurethanes as well as of some other 
polymers as addition polymers, polymers have also been classified from a consideration of 
Ae chermcal structure of the groups present in the polymer chains. Condensation polymers 
have been defined as those polymers whose repeating units are joined together by functional 
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Polymer 
Polyethylene 

Polyisobutylcne 

Polyacrylonitrile 
Polyvinyl chloride) 

Polystyrene 

Poly(mcthyl methacrylate) 

Polyvinyl acetate) 
Poly(vinylidene chloride) 

Polytelrafluoroethylene 
Polyisoprene (natural rubber) 
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TABLE 1-2 Typical Addition Polymers 
Polymer 



Monomer 



Repeating Unit 




polyacrylonitrile . 
Polyvinyl chloride) 

Polystyrene 

Poly(methyl methacrylate) 

Polyvinyl acetate) 
Poly(vinylidene chloride) 

Polytetrafluoroethylene 

Polyisoprene (natural rubber) 



CH 2 =CH 2 

CH 3 
CH 2 =C 
CH 3 



C H 2 =CH-CN 
CH 2 =CH-C1 

CH 2 =CH-<fr 



CH 3 
CH 2 =C 



— CH 2 ~CH 2 - 

CH 3 . 
— CH 2 ~C— 
CH 3 

— CH 2 -CH— 
CN 



— CH 2 -CH— 
Ci 



-CH 2 -CH— 
♦ 



CH 3 

— CH 2 -C— 



CH 2 =CH-OCOCH 3 



CI 

CH 2 =C 
CI 



F F 
1 t 
C=C 
1 1 
F F 



C0 2 CH 3 

-CH 2 -CH— 

OCOCH 3 



CI 

-CH 2 -C— 
CI 



F F 
1 1 

-c-c— 

I I 
F F 



CH 2 =C-CH=CH 2 
CH 3 



— CH 2 ^ 
CH 3 



^CH 2 - 



;c=ch 



units of one kind or another such as the ester, amide, uredtane sulfide, and ether linkages. 
Thus the structure of condensation polymers has been defined by 

— R-Z-R-Z-R-Z-R-Z-R-Z— 
I 

where R is an aliphatic or aromatic grouping and Z is a functional unit such as -OCO-, 
-SaCO^ -S- -OCONH-, -0-, -OCOO-, and -SO,-. AddiUon polymery on the 
odw hS do not contain such functional groups as part of polymer cham Such groups 
Ly howeVer, be present in addition polymers as pendant subsdtuenB ; hanging off the pdy- 
Schain. Accormng to this classification, the polyurethanes are readily and more conecdy 
classified as condensation polymers. 
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It should not be taken for granted that all polymers that are defined as condensation poly- 
mers by Ca^others , classification will also be so defined by a consideration of the polymer 
chain structure. Some condensation polymers do not contain functional groups such as ester 
or amide in the polymer chain. An example is the phenol-formaldehyde polymers produced 
by the reaction of phenol (or substituted phenols) with formaldehyde 



OH 

•6- 



«CH 2 0 




-OH 



+ (n-l)H 2 0 (1-7) 



These polymers do not contain a functional group within the polymer chain but are classified 
as condensation polymers, since water is split out during the polymerization process. Another 
example is poly(p-xylene), which is produced by the oxidative coupling (dehydrogenation) 
of ^-xylene: 



"CH 3 — <^KCH 3 h|ct 2 -^^CH 2 -J-H + (n-l)H 2 



(1-8) 



In summary, a polymer is classified as a condensation polymer if its synthesis involves the 
elimination of small molecules, or it contains functional groups as part of the polymer chain, 
or its repeating unit lacks certain atoms that are present in the (hypothetical) monomer to 
which it can be degraded. If a polymer does not fulfill any of these requirements, it is clas- 
sified as an addition polymer. 

1-1b Polymerization Mechanism 

In addition to the structural and compositional differences between polymers, Flory [1953] 
stressed the very significant difference in the mechanism by which polymer molecules are 
built up. Although Flory continued to use the terms condensation and addition in his discus- 
sions of polymerization mechanism, the more recent terminology classifies polymerizations 
into step and chain polymerizations. 

Chain and step polymerizations differ in several features, but the most important differ- 
ence is in the identities of the species that can react with each other. Another difference is the 
manner in which polymer molecular size depends on the extent of conversion. 

Step polymerizations proceed by the stepwise reaction between the functional groups of 
reactants as in reactions such as those described by Eqs. 1-1 through 1-3 and Eqs. 1-6 through 
1-& The size of the polymer molecules increases at a relatively slow pace in such poly- 
merizations. One proceeds from monomer to dimer, trimer, tetramer, pentamer, and so on 

Monomer + monomer dimer 

Dimer + monomer trimer 

Dimer + dimer tetramer 

Trimer + monomer tetramer 

Trimer + dimer. pentamer 

Trimer + trimer hexamer 
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until eventually large-sized polymer molecules have been formed. Hie characteristic of step 
polymerization that distinguishes it from chain polymerization is that reaction occurs 
between any of the different-sized species present in the reaction system. 

The situation is quite different in chain polymerization where an initiator is used to pro- 
duce an initiator species R* with a reactive center. The reactive center may be either a free 
radical, cation, or anion. Polymerization occurs by the propagation of the reactive center by 
the successive additions of large numbers of monomer molecules in a chain reaction. The 
distinguishing characteristic of chain polymerization is that polymer growth takes place by 
monomer reacting only with the reactive center. Monomer does not react with monomer and 
the different-sized species such as dimer, trimer, tetramer, and n-mer do not react with each 
other. By far the most common example of chain polymerization is that of vinyl monomers. 
The process can be depicted as 



CH 2 =CHY 



H 

R-CH 2 -C* 
Y 



H 

R-j-CH 2 -C+CH 2 -C* 
Y . 



CH 2 = CHY 



H 



H 



H 
I 



CH 2 =CHY 



R-CH 2 -C-CH 2 -C* 
Y Y 



[ H l 

uon I I 



(1-9) 



Each monomer molecule that adds to a reactive center regenerates the reactive center. Poly- 
mer growth proceeds by the successive additions of hundreds or thousands or more monomer 
molecules. The growth of the polymer chain ceases when the reactive center is destroyed by 
one or more of a number of possible termination reactions. 

The typical step and chain polymerizations differ significantly in the relationship between 
polymer molecular weight and the percent conversion of monomer. Thus if we start out step 
and chain polymerizations side by side, we may observe a variety of situations with regard to 
their relative rates of polymerization. However, the molecular weights of the polymers pro- 
duced at any time after the start of the reactions will always be very characteristically dif- 
ferent for the two polymerizations. If the two polymerizations are stopped at 0.1% 
conversion, 1% conversion, 10% conversion, 40% conversion, 90% conversion, and so on, 
one will always observe the same behavior. The chain polymerization will show the presence 
of high-molecular-weight polyma: molecules at all percents of conversion. There are no 
intermediate-sized molecules in the reaction mixture— only monomer, high-polymer, and 
initiator species. The only change that occurs with conversion (i.e., reaction time) is the con- 
tinuous increase in the number of polymer molecules (Fig. 1-la). On the other hand, high- 
molecular-weight polymer is obtained in step polymerizations only near the very end of the 
reaction (>98% conversion) (Fig. Mb). Thus both polymer size and the amount of polymer 
are dependent on conversion in step polymerization. 

The classification of polymers according to polymerization mechanism, like that by 
structure and composition, is not without its ambiguities. Certain polymerizations show a 
linear increase of molecular weight with conversion (Fig. 1-lc) when the polymerization 
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20 40 60 80 100 

% Conversion 

Fig. 1-1 Variation of molecular weight with conversion; (a) chain polymerization; (b) step polymeriza- 
tion; (c) nonterminating chain polymerization and protein synthesis. 

mechanism departs from the normal chain pathway. This is observed in certain chain poly-, 
merizations, which involve a fast initiation process coupled with the absence of reactions that 
terminate the propagating reactive centers. Biological syntheses of proteins also show the 
behavior described by Fig. 1 - 1 c because the various monomer molecules are directed to react 
in a very specific manner by an enzymatically controlled process. 
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NOMENCLATURE OF POLYMERS 
The ring-opening polymerizations of cyclic monomers such as propylene oxide 



nCH 3 ~CH^-^CH 2 



or e-caprolactam 



-fCH 2 ^CH-0+ 
I CH 3 ]„ 



(1-10) 



CH 2 



"CO 



CH a -CH 2 



NH 



-(-NHCHjCHjCH^HiCHzCO 



(1-11) 



usually proceed by die chain polymerization mechanism, but me dependence of polymer 
molecular weight on conversion almost never follows the behav,or in Fig..l-la. Ring-open- 
ine oolvmerizations often follow the behavior in Fig. 1-lc. 

8 "Se totlational Union of Pure and Applied Chemistry [TUPAC, 1994] suggested the 
term polycondensation instead of step polymerization, but polycondensation is a narrower 
term man step polymerization since it implies that the reactions ; aj* .limited to condensa- 
dons-reactions in which small molecules such as water are expelled dunng polymenzahon. 
The term step polymerization encompasses not only condensations but also polymenzaUons 
in which no small molecules are expelled: An example of the latter is die reaction of dml 
and diisocyantes to yield polyurethanes (Eq. 1-6). The formation of potyurethanes ; follows 
the same reaction characteristics as the formation of polyesters, polyamides, and other poly- 
merizations in which small molecules are expeUed. . , 

Ring-opening polymerizations point outvery clearly that one must distinguish between 
die classification of the polymerization mechanism and that of the polymer sttucture. The 
two classifications cannot always be used interchangeably. Polymers such as the polymers 
and polyamides produced in Eqs. 1-10 and 1-11, as weU as those from other cycht ^mono- 
mers must be separately classified as to polymerization mechanism and polymer structure. 
These polymers are structurally classified as condensation polymers, since they contain func- 
tional groups (e.g.,- ether, amide) in the polymer chain. They, like the polyurethanes, are not 
rsslfSiaddftion polymers by the use of Carothers' original classification Tne situation 
is even more complicated for a polymer such as that obtained from e-capiolactam. The exact 
same polymer can be obtained by the step polymerization of the linear monomer e-ammo- 
caproic acid. It should suffice at this point to stress that the terms condensation and step poly- 
Z or polymerization are not synonymous nor are the terms addition and chain polymer or 
polymerization, even though these terms are often used interchangeably. The classification of 
Polymers based only on polymer structure or only on polymerization mechanism is often*, 
oversimplification that leads to ambiguity and error. Both structure and mechanism are usual- 
ly needed in order to clearly classify a polymer. 
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1-2 NOMENCLATURE OF POLYMERS 

Polymer nomenclature leaves much to be desired. A standard nomenclature system based Ion 
chemical structure as is used for small inorganic and organic compounds is most desired. 
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IUPAC name for this polymer is poly(oxycarix)nyloxy-l,4-phenylenedimethylmethylene- 
1,4-phenylene). 



- -0-CO-0-^^-C(CH 3 )2H^^- - 



xx vn 



1-3 LINEAR, BRANCHED, AND CROSSLINKED POLYMERS 

Polymers can be classified as linear, branched* or crosslinked polymers depending on their 
structure. In the previous discussion on the different types of polymers and polymerizations 
we have considered only those polymers in which the monomer molecules have been linked 
together in one continuous length to form the polymer molecule. Such polymers are termed 



Linear 



Branched (A) 




Branched (B) 



Branched (C) 



Crosslinked 



Fig. 1-2 Structure of linear, branched, and crosslinked polymers. 
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branches protruding from the main linear polystyrene chain. 
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When polymers are produced in which the polymer molecules are linked to each other at 
points other than their ends, the polymers are said to be cwsslinked (Fig. 1-2). Crosslinking 
can be made to occur during the polymerization process by the use of appropriate monomers. 
It can also be brought about after the polymerization by various chemical reactions. The 
crosslinks between polymer chains can be of different lengths depending on the crosslinking 
method and the specific conditions employed. One can also vary the number of crosslinks so 
as to obtain lightly or highly crosslinked polymers. When the number of corsslinks is suffi- 
ciently high, a three-dimensional or space network polymer is produced in which all the 
polymer chains in a sample have been linked together to form one giant molecule. Light 
crosslinking is used to impart good recovery (elastic) properties to polymers to be used as 
rubbers. High degrees of crosslinking are used to impart high rigidity and dimensional sta- 
bility (under conditions of heat and stress) to polymers such as the phenol-formaldehyde and 
urea-formaldehyde polymers. 



1-4 MOLECULAR WEIGHT 

The molecular weight of a polymer is of prime importance in the polymer's synthesis and 
application. Chemists usually use the term molecular weight to describe the size of a mole- 
cule. The more accurate term is molar mass, usually in units of g mol~ l . The term molecular 
weight is the ratio of the average mass per formula unit of a substance to ^th of the mass of 
an atom of l2 C and is dimensionless (IUPAC, 1991, in press). This text will use molecular 
weight throughout irrespective of the units, because molecular weight is the more familiar 
term for most chemists. 

The interesting and useful mechanical properties that are uniquely associated with poly- 
meric materials are a consequence of their high molecular weight Most important mechan- 
ical properties depend on and vary considerably with molecular weight as seen in Fig. 1-3. 
There is a minimum polymer molecular weight (A), usually a thousand or so, to produce any 
significant mechanical strength at all. Above A, strength increases rapidly with molecular 
weight until a critical point (B) is reached. Mechanical strength increases more slowly above 
B and eventually reaches a limiting value (C). The critical point B generally corresponds to 
the minimum molecular weight for a polymer to begin to exhibit sufficient strength to be. 
useful. Most practical applications of polymers require higher molecular weights to obtain 
, higher strength's. The minimum useful molecular weight (B), usually in the range 5000- 
10,000, differs for different polymers. The plot in Fig. 1-3 generally shifts to the right 
as the magnitude of the intermolecular forces decreases. Polymer chains with stronger 




Molecular weight 

Fig. 1-3 Dependence of mechanical strength on polymer molecular weight 
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intermolecular forces, for example, polyamides and polyesters, develop sufficient strength to 
be useful at lower molecular weights than polymers having weaker intermolecular forces, for 
example, polyethylene. 

Properties other than strength also show a significant dependence on molecular weight 
However, most properties show different quantitative dependencies on molecular weight. 
Different polymer properties usually reach their optimum values at different molecular 
weights. Further, a few properties may increase with molecular weight to a maximum value 
and then decrease with further increase in molecular weight. An example is the ability to 
process polymers into useful articles and forms (e.g., film, sheet, pipe, fiber). Processability 
begins to decrease past some molecular weight as the viscosity becomes too high and melt 
flow too difficult. Thus the practical aspect of a polymerization requires one to carry out the 
process to obtain a compromise molecular weight — a molecular weight sufficiently high to 
obtain the required strength for a particular application without overly sacrificing other 
properties. Synthesizing the highest possible molecular weight is not necessarily the objec- 
tive of a typical polymerization. Instead, one often aims to obtain a high but specified, com- 
promise molecular weight. The utility of a polymerization is greatly reduced unless the 
process can be carried out to yield the specified molecular weight. The control of molecular 
weight is essential for the practical application of a polymerization process. 

When one speaks of the molecular weight of a polymer, one means something quite dif- 
ferent from that which applies to small-sized compounds. Polymers differ from the small- 
sized compounds in that they are polydisperse or heterogeneous in molecular weight 
Even if a polymer is synthesized free from contaminants and impurities, it is still not a 
pure substance in the usually accepted sense. Polymers, in their purest form, are mixtures 
of molecules of different molecular weight. The reason for the polydispersity of polymers 
lies in the statistical variations present in the polymerization processes. When one discusses 
the molecular weight of a polymer, one is actually involved with its average molecular 
weight. Both the average molecular weight and the exact distribution of different molecular 
weights within a polymer are required in order to fully characterize it. The control of mole- 
cular weight and molecular weight distribution (MWD) is often used to obtain and improve 
certain desired physical properties in a polymer product. 

Various methods based on solution properties are used to determine the average molecular 
weight of a polymer sample. These include methods based on colligative properties, light 
scattering, and viscosity [Heimenz, 1984; Morawetz, 1975; Slade, 1998; Sperling, 2001]. 
The various methods do not yield the same average molecular weight. Different average 
molecular weights are obtained because the properties being measured are biased differently 
toward the different-sized polymer molecules in a polymer sample. Some methods are biased 
toward the larger-sized polymer molecules, while other methods are biased toward the 
smaller-sized molecules. The result is that the average molecular weights obtained are 
correspondingly biased toward the larger- or smaller-sized molecules. The following average 
molecular weights are determined: 

1. The number-average molecular weight M n is determined by experimental methods 
that count the number of polymer molecules in a sample of the polymer. The methods for 
measuring M n are those that measure the colligative properties of solutions — vapor pressure 
lowering (vapor pressure osmometry), freezing point depression (cryoscopy), boiling point 
elevation (ebulliometry), and osmotic pressure (membrane osmometry). The colligative 
properties are the same for small and large molecules when comparing solutions at the same 
molal (or mole fraction) concentration. For example, a 1-molal solution of a polymer of 
molecular weight 10 5 has the same vapor pressure, freezing point, boiling point, and osmotic 
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pressure as a 1-molal solution of a polymer of molecular weight 10 3 or a 1-molal solution of 
a small molecule such as hexane. M n is defined as the total weight w of all the molecules in a 
polymer sample divided by the total number of moles present Thus the number-average 
molecular weight is 



(M5) 



where the summations are over all the different sizes of polymer molecules from x = 1 
to x = oo and N x is the number of moles whose weight is M x . Equation 1-15 can also be 
written as 



(1-16) 



where N x is the mole fraction (or the number-fraction) of molecules of size M x . The most 
common methods for measuring M„ are membrane osmometry and vapor pressure osmome- 
try since reasonably reliable, commercial instruments are available for those methods. Vapor 
pressure osmometry, which measures vapor pressure indirectly by measuring the change in 
temperature of a polymer solution on dilution by solvent vapor, is generally useful for poly- 
mers with M n below 10,000-15,000. Above that molecular weight limit, the quantity being 
measured becomes too small to detect by the available instruments. Membrane osmometry is 
limited to polymers with M n above about 20,000-30,000 and below 500,000. The lower limit 
is a consequence of the partial permeability of available membranes to smaller-sized polymer 
molecules. Above molecular weights of 500,000, the osmotic pressure of a polymer solution 
becomes too small to measure accurately. End-group analysis is also useful for measurements 
of M n for certain polymers. For example, the carboxyl end groups of a polyester can be ana- 
lyzed by titration with base and carbon-carbon double bond end groups canbe analyzed by 
! H NMR. Accurate end-group analysis becomes difficult for polymers with M n values above 
20,000-30,000. 

2. Light scattering by polymer solutions, unlike coligative properties, is greater for 
larger-sized molecules than for smaller-sized molecules. The average molecular weight 
obtained from light-scattering measurements is the weight-average molecular weight M„ 
defined as 

where w x is the weight traction of molecules whose weight is M x . M„ can also be defined as 



(1-18) 



where c x is the weight concentration of M x molecules, c is the total weight concentration of 
all the polymer molecules, and the following relationships hold: 



.Si 
c 



c x = N x M x 



(1-19) 
(1-20) 
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Since the amount of light scattered by a polymer solution increases with molecular weight, 
this method becomes more accurate for higher polymer molecular weights. There is no upper 
limit to the molecular weight that can be accurately measured except the limit imposed by 
insolubility of the polymer. The lower limit of My, by the light scattering method is close to 
50(30-1 0,000. Below this molecular weight, the amount of scattered light is too small to mea- 
sure accurately. 

.^3. Solution viscosity is also useful for molecular- weight measurements. Viscosity, like 
light scattering, is greater for the larger-sized polymer molecules than for smaller ones. How- 
ever, solution viscosity does not measure M w since the exact dependence of solution viscosity 
on molecular weight is not exactiy the same as light scattering. Solution viscosity measures 
the viscosity-average molecular weight M v defined by 



(1-22) 



where a isa constant. The viscosity- and weight-average molecular weights are equal when a 
is unity. M v is less than M w Jot most polymers, since a is usually in the range 0.5-0.9. How- 
ever, M v is much closer to M w than M nt usually within 20% of M w . The value of a is depen- 
dent on the hydrodynamic volume of the polymer, the effective volume of the solvated 
polymer molecule in solution, and varies with polymer, solvent, and temperature. 

More than one average molecular weight is required to reasonably characterize a polymer 
sample. There is no such need for a monodisperse product (i.e., one composed of molecules 
whose molecular weights are all the same) for which all three average molecular weights are 
the same. The situation is quite different for a polydisperse polymer where all three mole- 
cular weights are different if the constant a in Eq. 1-22 is less than unity, as is the usual case. 
A careful consideration of Eqs. 1-15 through 1-22 shows that the number-, viscosity-, and 
weight-average molecular weights, in that order, are increasingly biased toward the 
higher-molecular- weight fractions in a polymer sample. For a polydisperse polymer 

M W >M V > Ji R 

with the differences between the various average molecular weights increasing as the 
molecular-weight distribution broadens. A typical polymer sample will have the molecular- 
weight distribution shown in Fig. 1-4. the approximate positions of the different average 
molecular weights are indicated on this distribution curve. 

For most practical purposes, one usually characterizes the molecular weight of a polymer 
sample byjneasuring M„ and either M w or M v . M v is commonly used as a close approxi- 
mation of Af w , since the twoare usually quite close (within 10-20%). Thus in most instances, 
one is concerned with the M n and A? w of a polymer sample. The former is biased toward the 
lower-molecular- weight fractions, while the latter is biased toward the higher-molecular- 
weight fractions. The ratio of the two average molecular weights M w /M n depends on the 
breadth of the distribution curve (Fig. 1-4) and is often useful as a measure of the polydis- 
persity in a polymer. The value of M w /M n would be unity for a perfectly monodisperse poly- 
mer. The ratio is greater than unity for all actual polymers and increases with increasing 
polydispersity. 

The characterization of a polymer by A?„ alone, without regard to the polydispersity, can 
be extremely misleading, since most polymer properties such as strength and melt viscosity 
are determined primarily by the size of the molecules that make up the bulk of the sample by 
weight. Polymer properties are much more dependent on the larger-sized molecules in a 
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Molecular weight, M x 
Fig. 1-4 Distribution of molecular weights in a typical polymer sample. 

sample than on the smaller ones. Thus, for example, consider a hypothetical mixture contain- 
ing 95% by weight of molecules of molecular weight 10,000, and 5% of molecules of mole- 
cular weight 100. (The low-molecular-weight fraction might be monomer, a low-molecular- 
weight polymer, or simply some impurity.) The M n and_M„ are calculated from Eqs. 1-15 
and 1-17 as 1680 and 9505, respectively. The use of the M n value of 1680 gives an inaccurate 
indication of the properties of this polymer. Hie properties of the polymer are detenmned 
primarily by the 10,000-molecular-weight molecules that make up 95% of the weight of 
the mixture The weight-average molecularweight is a much better indicator of the properties 
to be expected in a polymer, the utility of M n resides primarily in its use to obtain an indica- 
tion of polydispersity in a sample by measuring the ratio M w fM n . 

In addition to the different average molecular weights of a polymer sample, it is fre- 
quently desirable and necessary to know the exact distribution of molecular weights. As indi- 
cated previously, there.is usually a molecular weight range for which any given polymer, 
property will be optimum for a particular application. The polymer sample containing the 
greatest percentage of polymer molecules of that size is the one that will have the optimum 
value of the desired property. Since samples with the same average molecular weight may 
possess different molecular weight distributions, information regarding the distnbution 
allows the proper choice of a polymer for optimum performance. Various methods have 
been used in the past to determine the molecular weight distribution of a polymer sample 
including fractional extraction and fractional precipitation. These methods are laborious and 
determinations of molecular weight distributions were not routinely performed. However, the 
development of size exclusion chromatography (SEC), also referred to as gel permeation 
chromatography (GPC) and the availability of automated commercial instruments have chan- 
ged the situation. Molecular-weight distributions are now routinely performed m most 
laboratories using SEC. 

Size exclusion chromatography involves the permeation of a polymer solution through a 
column packed with microporous beads of crosslinked polystyrene [Potschka and Dublin, 
1996* Yau et al 1979]. The packing contains beads of different-sized pore diameters. Mole- 
cules pass through the column by a combination of transport into and through the beads and 
through the interstitial volume (the volume between beads). Molecules that penetrate the 
beads are slowed down more ^moving through the column than molecules that do not pene- 
trate the beads; in other words, transport through the interstitial volume is faster than through 
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the pores. The smaller-sized polymer molecules penetrate all the beads in the column since 
their molecular size (actually their hydrodynamic volume) is smaller than the pore size of the 
beads with the smallest-sized pores. A larger-sized polymer molecule does not penetrate all 
the beads since its molecular size is larger than the pore size of some of the beads. The larger 
the polymer molecular weight, the fewer beads that are penetrated and the greater is the 
extent of transport through the interstitial volume: The time for passage of polymer mole- 
cules through the column decreases with increasing molecular weight. The use of an appro- 
priate detector (refractive index, viscosity, light scattering) measures the amount of polymer 
passing through the column as a function of time. This information and a calibration of the 
column with standard polymer samples of known molecular weight allow one to obtain the 
molecular weight distribution in the form of a plot such as that in Fig. 1-4. Not only does 
SEC yield the. molecular weight distribution, but M„ and Af w (and also M v if a is known) are 
also calculated automatically! SEC is now the method of choice for measurement of M„ and 
M w since the SEC instrument is far easier to use compared to methods such as osmometry 
and light scattering. 



1-5 PHYSICAL STATE 

1-5a Crystalline and Amorphous Behavior 

Solid polymers differ from ordinary, low-molecular-weight compounds in the nature of their 
physical state or morphology. Most polymers show simultaneously the characteristics of both 
crystalline and amorphous solids [Keller et al., 1995; Mark et al., 1993; Porter and Wang, 
1995; Sperling, 2001; Woodward, 1989; Wunderlich, 1973]. X-Ray and electron diffraction 
patterns often show the sharp features typical of three-dimensionally ordered crystalline 
solids as well as the diffuse, unordered features characteristic of amorphous solids. (Amor- 
phous solids have sometimes been referred to as highly viscous liquids.) The terms crystal- 
line and amorphous axe used to indicate the ordered and unordered polymer regions, 
respectively. Different polymers show different degrees of crystalline behavior. The known 
polymers constitute a spectrum of materials from those that are completely amorphous to 
others that possess low to moderate to high crystallinity. The term semicrystalline is used 
to refer to polymers that are partially crystalline. Completely crystalline polymers are rarely 
encountered. 

The exact nature of polymer crystallinity has been the subject of considerable contro- 
versy. The fiinged-micelle theory, developed in the 1930s, considers polymers to consist 
of small-sized, ordered crystalline regions — termed crystallites — imbedded in an unordered, 
amorphous polymer matrix. Polymer molecules are considered to pass through several dif- 
ferent crystalline regions with crystallites being formed when extended-chain segments from 
different polymer chains are precisely aligned together and undergo crystallization. Each 
polymer chain can contribute ordered segments to several crystallites. The segments of the 
chain in between the crystallites make up the unordered amorphous matrix. This concept of 
-polymer crystallinity is shown in Fig. 1-5. 

The folded-chain lamella theory arose in the last 1950s when polymer single crystals in 
the form of thin platelets termed lamella, measuring about 10,000 A x 100 A, were grown 
from polymer solutions. Contrary to previous expectations, X-ray diffraction patterns showed 
the polymer chain axes to be parallel to the smaller dimension of the platelet. Since polymer 
molecules are much longer than 100 A, the polymer molecules are presumed to fold back and 
forth on themselves in an accordionlike manner in the process of crystallization. Chain 
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Fig. 1-5 Fringed-micelle model of polymer crystallinity. 



folding was unexpected, since the most thermodynamically stable crystal is the one involving 
completely extended chains. The latter is kinetically difficult to achieve and chain folding is 
apparently the system's compromise for achieving a highly stable crystal structure under nor-; 
mal crystallization conditions! Two models of chain folding can be visualized. Chain folding 
is regular and sharp with a uniform fold period in the adjacent-reentry model (Fig. 1-6). In 
the nonadjacent-reentry or switchboard model (Fig. 1-7) molecules wander through the non- 
regular surface of a lamella before reentering the lamella or a neighboring lamella. In the , 
chain-folded lamella picture of polymer crystallinity less than 100% crystallinity is attributed 
to defects in the chain-folding process. The defects may be imperfect folds, irregularities in 
packing, chain entanglements, loose chain ends, dislocations, occluded impurities, or numer- 
ous other imperfections. The adjacent reentry and switchboard models differ in the details of 
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Fig. 1-6, Adjacent reentry model of single crystal. 
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what constitutes the chain-folding defects. The switchboard model indicates that most 
defects are at the crystal surfaces, while the adjacent-reentry model indicates that defects 
are located as much within the crystal as at the crystal surfaces. 

Folded-chain lamella represent the morphology not only for single crystals grown from 
solution but also polymers crystallized from the melt — which is how almost all commercial 
and other synthetic polymers are obtained. Melt-crystallized polymers have the most promi- 
nent structural feature of polymer crystals — the chains are oriented perpendicular to the 
lamella face so that chain folding must occur. Chain folding is maximum for polymers crys- 
tallized slowly near the crystalline melting temperature. Fast cooling (quenching) gives a 
more chaotic crystallization with less chain folding. Melt crystallization often develops as 
a spherical or spherulitic growth as seen under the microscope. Nucleation of crystal growth 
occurs at various nuclei and crystal growth proceeds in a radical fashion from each nucleus 
until the growth fronts from neighboring structures impinge on each other. These spherical 
structures, termed spherulites, completely fill the volume of a crystallized polymer sample. 
Spherulites have different sizes and degrees of perfection depending on the specific polymer 
and crystallization conditions. 

A spherulite is a complex, polycrystalline structure (Fig. 1-8). The nucleus for spherulitic 
growth is the single crystal in which a multilayered stack is formed, and each lamella extends 
to form a lamellar fibril The flat ribbonlike lamellar fibrils diverge, twist, and branch as they 
grow outward from the nucleus. Growth occurs by chain folding with the polymer chain axes 
being perpendicular to the length of the lamellar fibril. The strength of polymers indicates 
that more than van der Waals forces hold lamellae together. There are interlamellar or inter- 
crystalline fibrils (also termed tie molecules) between the lamellar fibrils within a spherulite 
and between fibrils of different spherulites. Some polymer molecules simultaneously parti- 
cipate in the growth of two or more adjacent lamellae and provide molecular links that rein- 
force the crystalline structure. The chain axes of tie molecules lie parallel to the long axes of 
the link — each link between lamellae is an extended-chain type of single crystal. The tie 
molecules are the main component of the modern picture of polymer crystalliniry, which 
is a carryover from the fringed-micelle theory. The amorphous content of a semicrystalline, 
melt-crystallized polymer sample consists of the defects in the chain-folding structure, tie 
molecules, and the material that is either, because of entanglements, not included 
in the growing lamellar fibril or is rejected from it owing to its unacceptable nature; low- 
molecular- weight chains and nonregular polymer chain segments, for example, are excluded. 

Some natural polymers such as cotton, slik, and cellulose have the extended-chain mor- 
phology, but their morphologies are determined by enzymatically controlled synthesis and 
crystallization processes. Extended-chain morphology is obtained in some synthetic 
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polymers under certain circumstances. These include crystallization from the melt (or 
annealing for long time periods) under pressure or other applied stress and crystallization 
of polymers from the liquid crystalline state. The former has been observed with several 
polymers, including polyethylene and polytetrafluoroethylene. The latter is observed with 
polymers containing stiff or rigid-rod chains, such as polyO?-phenyleneterephthalamide) 
(Sec. 2-8f). Extended-chain morphology is also obtained in certain polymerizations involving 
conversion of crystalline monomer to crystalline polymer, for example, polymerization of 
diacetylenes (Sec. 3- 16c). 

A variety of techniques have been used to determine the extent of crystallinity in a poly- 
mer, including X-ray diffraction, density, IR, NMR, and heat of fusion [Sperling, 2001; 
Wunderlich, 1973]. X-ray diffraction is the most direct method but requires the somewhat 
difficult separation of the crystalline and amorphous scattering envelops. The other methods 
are indirect methods but are easier to use since one need not be an expert in the field as with 
X-ray diffraction. Heat of fusion is probably the most often used method since reliable ther- 
mal analysis instruments are commercially available and easy to use [Bershtein and Egorov, 
1994; Wendlandt, 1986]. The difficulty in using thermal analysis (differential scanning 
calorimetry and differential thermal analysis) or any of the indirect methods is the uncer- 
tainty in the values of the quantity measured (e.g., the heat of fusion per gram of sample 
or density) for 0 and 100% crystalline samples since such samples seldom exist. The best 
technique is to calibrate the method with samples whose crystallinites have been determined . 
by X-ray diffraction. 

1-5b Determinants of Polymer Crystallinity 

Regardless of the precise picture of order and disorder in polymers, the prime consideration 
that should be emphasized is that polymers have a tendency to crystallize. The extent of this 
crystallization tendency plays a most significant role in the practical ways in which polymers 
are used. This is a consequence of the large effect of crystallinity on the thermal, mechanical, 
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and other important properties of polymers. Different polymers have different properties and 
are synthesized and used differently because of varying degrees of crystallinity. Hie extent of 
crystallinity developed in a polymer sample is a consequence of both thermodynamic and 
kinetic factors. In this discussion we will note the general tendency to crystallize under mod- 
erate crystallization conditions (that is, conditions that exclude extremes of time, tempera- 
ture, and pressure). Thermodynamically crystallizable polymers generally must crystallize 
at reasonable rates if crystallinity is to be employed from a practical viewpoint. The extent 
to which a polymer crystallizes depends on whether its structure is conducive to packing into 
the crystalline state and on the magnitude of the secondary attractive forces of the polymer 
chains. Packing is facilitated for polymer chains that have structural regularity, compactness, 
streamlining, and some degree of flexibility. The stronger the secondary attractive forces, the 
greater will be the driving force for the ordering and crystallization of polymer chains. 

Some polymers are highly crystalline primarily because their structure is conducive to 
packing, while others are crystalline primarily because of strong secondary attractive forces. 
For still other polymers both factors may be favorable for crystallization. Polyethylene, for 
example, has essentially the best structure in terms of its ability to pack into the crystalline 
state. Its very simple and perfectly regular structure allows chains to pack tightly and without 
any restrictions as to which segment of one chain need line up next to which other segment of 
the same chain or of another chain. The flexibility of the polyethylene chains is also condu- 
cive to crystallization in that the conformations required for packing can be easily achieved. 
Even though its secondary attractive forces are small, polyethylene crystallizes easily and to 
a high degree because of its simple and regular structure. 

Polymers other than polyethylene have less simple and regular chains. Poly(e-caprolac- 
tom) can be considered as a modified polyethylene chain containing the amide group in 
between every five methylenes. Poly(e-caprolactom) and other polyamides are highly crystal- 
line polymers. The amide group is a polar one and leads to much larger secondary attractive 
forces in polyamides (due to hydrogen bonding) compared to polyethylene; this is. most 
favorable for crystallization. However, the polyamide chains are not as simple as those of 
polyethylene and packing requires that chain segments be brought together so that the amide 
groups are aligned. This restriction leads to a somewhat lessened degree of crystallization in 
polyamides than expected, based only on a consideration of the high secondary attractive 
forces. Crystallinity in a polymer such as a polyamide can be significantly increased by 
mechanically stretching it to facilitate the ordering and alignment of polymer chains. 

Polymers such as polystyrene, poly(vinyl chloride), and poly(methyl methacrylate) show 
very poor crystallization tendencies. Loss of structural simplicity (compared to polyethylene) 
results in a marked decrease in the tendency toward crystallization. Ruorocarbon polymers 
such as poly(vinyl fluoride), poly(vinylidene fluoride), and polytetrafluoroethylene are 
exceptions. These polymers show considerable crystallinity since the small size of fluorine 
does not preclude packing into a crystal lattice. Crystallization is also aided by the high sec- 
ondary attractive forces. High secondary attractive forces coupled with symmetry account for 
the presence of significant crystallinity in poly(vinylidene chloride). Symmetry alone without 
significant polarity, as in polyisobutylene, is insufficient for the development of crystallinity. 
(The effect of stereoregularity of polymer structure on crystallinity is postponed to Sec. 
8-2a.) 

Polymers with rigid, cyclic structures in the polymer chain, as in cellulose and poly(ethy- 
leneterephthalate), are difficult to crystallize. Moderate crystallization does occur in these 
cases, as a result of the polar polymer chains. Additional crystallization can be induced 
by mechanical stretching. Cellulose is interesting in that native cellulose in the form of cotton 
is much more crystalline than cellulose that is obtained by precipitation of cellulose from 
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solution (Sec. 9-3a). The biosynthesis of cotton proceeds with an enzymatic ordering of the 
polymer chains in spite of the rigid polymer chains. Excess chain rigidity in polymers due to 
extensive crosslinking, as in phenol-formaldehyde and urea-formaldehyde polymers, com- 
pletely prevents crystallization. 

Chain flexibility also effects the ability of a polymer to crystallize. Excessive flexibility in 
a polymer chain as in polysiloxanes and natural rubber leads to an inability of the chains to 
pack. The chain conformations required for packing cannot be maintained because of the 
high flexibility of the chains. The flexibility in the cases of the polysiloxanes and natural 
rubber is due to the bulky Si — O and cw-olefin groups, respectively. Such polymers remain 
as almost completely amorphous materials, which, however, show the important property of 
elastic behavior. 

1-5c Thermal Transitions 

Polymeric materials are characterized by two major types of transition temperatures — the 
crystalline melting temperature T m and the glass transition temperature T g . The crystalline 
melting temperature is the melting temperature of the crystalline domains of a polymer sam- 
ple. The glass transition temperature is the temperature at which the amorphous domains of a 
polymer take on the characteristic properties of the glassy state — brittleness, stiffness, and 
rigidity. The difference between the two thermal transitions can be understood more clearly 
by considering the changes that occur in a liquid polymer as it is cooled. The translational, 
rotational, and vibrational energies of the polymer molecules decrease on cooling. When the 
total energies of the molecules have fallen to the point where the translational and rotational 
energies are essentially zero, crystallization is possible. If certain symmetry requirements are 
met, the molecules are able to pack into an ordered, lattice arrangement and. crystallization 
occurs. The temperature at which this occurs in T m . However, not all polymers meet the 
necessary symmetry requirements for crystallization. If the symmetry requirements are not 
met, crystallization does not take place, but the energies of the molecules continue to 
decrease as the temperature decreases. A temperature is finally reached — the T g — at which 
long-range motions of the polymer chains stop. Long-range motion, also referred to as 
segmental motion, refers to the motion of a segment of a polymer chain by the concerted 
rotation of bonds at the ends of the segment. [Bond rotations about side chains, e.g., the 
C— CH 3 and C-COOCH 3 bonds in poly(methyl methacrylate), do not cease at 7^.] 

Whether a polymer sample exhibits both thermal transitions or only one depends on its 
morphology. Completely amorphous polymers show only a T g . A completely crystalline 
polymer shows only a T m . Semicrystalline polymers exhibit both the crystalline melting 
and glass transition temperatures. Changes in properties such as specific volume and heat 
capacity occur as a polymer undergoes each of the thermal transitions. Figure 1-9 shows 
the changes in specific volume with temperature for completely amorphous and completely 
crystalline polymers (the solid lined plots). T m is a first-order transition with a discontinuous 
change in the specific volume at the transition temperature. T g is a second-order transition 
involving only a change in the temperature coefficient of the specific volume. (A plot of the 
temperature coefficient of the specific volume versus temperature shows a discontinuity.) The 
corresponding plot for a semicrystalline polymer consists of the plot for the crystalline poly- 
mer plus the dotted portion corresponding to the glass transition. A variety of methods have 
been used to determine T g and T m , including dilatometry (specific volume), thermal analysis, 
dynamic mechanical behavior, dielectric loss, and broad-line NMR. The most commonly 
used method is differential scanning calorimetry (DSC). DSC reflects the change in heat 
capacity of a sample as a function of temperature by measuring the heat flow required to 
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Temperature 

Fig. 1-9 Determination of glass transition and crystalline melting temperatures by changes in specific 
volume. 

maintain a zero temperature differential between an inert reference material and the polymer 
sample. 

The melting of a polymer takes place over a wider temperature range than that observed 
for small organic molecules such as benzoic acid, due to the presence of different-sized crys- 
talline regions and the more complicated process for melting of large molecules. T mi gener- 
ally reported as the temperature for the onset of melting, is determined as the intersection 
from extrapolation of the two linear regions of Fig. 1-9 (before and after the onset). T g 
also occurs over a wide temperature range and is determined by extrapolation of the two lin- 
ear regions, before and after T g . The glass transition is a less well understood process than 
melting. There are indications that it is at least partially a kinetic phenomenon. The experi- 
mentally determined value of T g varies significantly with the timescale of the measurement. 
Faster cooling rates result in higher T g values. Further, significant densification still takes 
place below T g with the amount dependent on the cooling rate. Perhaps the best visualization 
of T g involves the existence of a modest range of temperatures at which there is cessation of 
segmental motion for polymer chain segments of different lengths (~5-20 chain atoms). 

Some polymers undego other thermal transitions in addition to T g and T m . These include 
crystal-crystal transitions '(i.e., transition from one crystalline form to another and 
crystalline-liquid crystal transitions. 

The values of T g and T m for a polymer affect its mechanical properties at any particular 
temperature and determine the temperature range in which that polymer can be employed. 
The T g and T m values for some of the common polymers are shown in Table 1-3 [Brandrup 
et al., 1999; Mark, 1999]. (These are the values at 1 atm pressure.) Consider the manner in 



TABLE 1-3 Ther mal Tranatioi 

Polymer . 

Polydimethylsiloxane — • 

Polyethylene — 

Polyoxymethylene — 
Natural rubber 

(polyisoprene) ' — 

Polyisobutylene — 
Poly(ethylene oxide) ^ — 

Poly(vinylidene fluoride) - 

Polypropene - 

Poly(vinyl fluoride) — 
Poly(vinylidene 

chloride) — 

Poly(vinyl acetate^ - 
Poly(chlorotrifluoroethylene) - 

Poly(e-caprolactam) - 
Poly(hexamethylene 

adipamide) - 

Polyethylene 
terephthalate) .. 

Poly(vinyl chloride) 
Polystyrene 
Poly(methyl 
methacrylate) 



Cellulose triacetate 

I 
i 

i 

\ Polytetrafluoroethylene 

"Data from Brandrup et al. [1999]. 
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TABLE 1-3 Thermal Transitions of Polymers 0 


■ ■ 

Polymer 


• 

Repeating Unit 


T g { C) 


■ 

T ffl (°C) 


Polydimethylsiloxane 


-OSi(CH 3 )2- 


-127 


-40 


Polyethylene 


— CH2CH2 — 


-125 


137 


Polyoxymethylene 


-CH 2 0- 


-83 


181 


Natural rubber - 








(polyisoprene) 


-CH 2 C(CH 3 )=CHCH 2 - 


-73 


28 


Polyisobutylene 


-CH 2 C(CH3)2- 


-73 


44 


Poly(ethylene oxide) 


-CH 2 CH 2 0- 


-53 


66 


Poly(vinylidene fluoride) 


-CH2CF2- 


-40 


185 


Polypropene 


-CH 2 CH(CH 3 )- 


-1 


176 


Poly( vinyl fluoride) 


-CH 2 CHF- 


41 


200 


Poly(vinylidene - 








chloride) 


-CH 2 CC1 2 - 


-18 


•200 


Poly( vinyl acetate^ 


-CH 2 CH(OCOCH 3 >- 


32 




Poly(chlorbtrifluoroethylene) 


-CF 2 CFC1- 




220 


Poly(e-caprolactam) . 


-(CH 2 ) 5 CONH- 


40 


223 


Poly(hexamethylene 








adipamide) 


-NH(CH 2 ) 6 NHCO(CH 2 ) 4 CO- 


50 


265 



Polyethylene 
terephthalate) 



Polyvinyl chloride) 
Polystyrene 
Poly(methyl 
rriethacrylate) 



Cellulose triacetate 



Polytetrafluoroethylene 



— OCH 2 CH 2 OCO 



-CH 2 CHC1- 
-CH 2 CH<^- 

-CH2C(CH 3 )(C02CH 3 )- 



CH 2 OAc 



61 

81 
100 

105 




117 



270 



273 
250 

220 



306 



327 



"Data from Brandrup ct all (19991. 



which T g and T m vary from one polymer to another. One can discuss the two transitions 
simultaneously since both are affected similarly by considerations of polymer structure. 
Polymers with low T g values usually have low T m values; high T g and high T m values are 
usually found together. Polymer chains that do not easily undergo bond rotation so as to 
pass through the glass transition would also be expected to melt with difficulty. This is rea- 
sonable, since similar considerations of polymer structure are operating in both instances. 
The two thermal transitions are generally affected in the same manner by the molecular sym- 
metry, structural rigidity, and secondary attractive forces of polymer chains [Billmeyer, 1984; 
Mark et al., 1993; Sperling, 2001]. High secondary forces (due to high polarity or hydrogen 
bonding) lead to strong crystalline forces requiring high temperatures for melting. High sec- 
ondary attractive forces also decrease the mobility of amorphous polymer chains, leading to 
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high T g . Decreased mobility of polymer chains, increased chain rigidity, and high T g are 
found where the chains are substituted with several substituents as in poly(methyl methacry- 
late) and polytetrafluoroethylene or with bulky substituents as in polystyrene. The T m values 
of crystalline polymers produced from such rigid chains would also be high. The effects of 
substituents are not always easy to understand. A comparison of polypropene, poly(vinyl 
chloride), and poly(vinyl fluoride) with polyisobutyiene, poly(vinyIidene chloride), and 
poly(vinylidene fluoride), respectively, shows the polymers from 1,1-disubstituted ethylenes 
have lower T g and T m values than do those from the monosubstituted ethylenes. One might 
have predicted the opposite result because of the greater polarity and molecular symmetry of 
the polymers from 1,1-disubstituted ethylenes. Apparently, the presence of two side groups 
instead of one separates polymer chains from each other and results in more flexible polymer 
chains. Thus, the effects of substituents on T g and T m depend on their number and identity. 

The rigidity of polymer chains is especially high when there are cyclic structures in the 
main polymer chains. Polymers such as cellulose. have high T g and T m values. On the other 
hand, the highly flexible polysiloxane chain (a consequence of the large size of Si) results in 
very low values of T g and T m . 

Although T g and T m depend similarly on molecular structure, the variations in the two 
transition temperature do not always quantitative parallel each other. Table 1-3 shows the 
various polymers listed in order of increasing T g values. The T m values are seen to generally 
increase in the same order, but there are many polymers whose T m values do not follow in the 
same exact order. Molecular symmetry, chain rigidity, and secondary forces do not affect T g 
and T m in the same quantitative manner. Thus polyethylene and polyoxymethylene have low 
T 8 values because of their highly flexible chains; however, their simple and regular structures 
yield tightly packed crystal structures with high T m values. An empirical consideration of 
ratio T g /T m (Kelvin temperatures) for various polymers aids this discussion. The T g /T m ratio 
is approximately 1/2 for symmetric polymers [e.g., poly(vinylidene chloride)], but the ratio is 
closer to 3/4 for unsymmetric polymers (e.g., poly[vinyl chloride]). This result indicates that 
T m is more dependent on molecular symmetry, while T g is more dependent on secondary 
forces and chain flexibility. 

It should be evident that some of the factors that decrease the crystallization tendecy of a 
polymer also lead to increased values of T m (and also T g ). The reason for this is that the 
extent of crystallinity developed in a polymer is both kinetically and thermodynamically con- 
trolled, while the melting temperature is only thermodynamically controlled. Polymers with 
rigid chains are difficult or slow to crystallize, but the portion that does crystallize will have a 
high melting temperature. (The extent of crystallinity can be significantly increased in such 
polymers by mechanical stretching to align and crystallize the polymer chains.) Thus com- 
pare the differences between polyethylene and poly(hexamethylene adipamide). Polyethy- 
lene tends to crystallize easier and faster than the polyamide because of its simple and 
highly regular structure and is usually obtained with greater degrees of crystallinity. On 
the other hand, the T m of the polyamide is much higher (by ~130°C) than that of polyethy- 
lene because of the much greater secondary forces. 

1-6 APPLICATIONS OF POLYMERS 
1-6a Mechanical Properties 

Many polymer properties such as solvent, chemical, and electrical resistance and gas perme- 
ability are important in determining the use of a specific polymer in a specific application. 
However, the prime consideration in determining the general utility of a polymer is its 
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mechanical behavior, that is, its deformation and flow characteristics under stress. 
The mechanical behavior of a polymer can be characterized by its stress-strain properties 
(Bilimeyer, 1984; Nielsen and Landel, 1994]. This often involves observing the behavior 
of a polymer as one applies tension stress to it in order to elongate (strain) it to the point 
where it ruptures (pulls apart). The results are usually shown as a plot of the stress versus 
elongation (strain). The stress is usually expressed in newtons per square centimeter (N cm" 2 ) 
or megapascals (MPa) where 1 MPa = 100 N cm" 2 . The strain is the fractional increase in 
the length of the polymer sample (i.e., AL/L, where L is the original, unstretched sample 
length). The strain can also be expressed as the percent elongation, AL/L x 100%. Although 
N cm" 2 is the SI unit for stress, psi (pounds per square inch) is found extensively in the lit- 
erature. The conversion factor is 1 N cm" 2 = 1.450 psi. SI units will be used throughout this 
text with other commonly used units also indicated. 

Several stress-strain plots are shown in Fig. 1-10. Four important quantities characterize 
the stress-strain behavior of a polymer . 

1. Modulus. The resistance to deformation as measured by the initial stress divided by 
AL/L. 




3 4 
Strain, AL/L 

Fig. 1-10 Stress-strain plots for a typical elastomer, flexible plastic, rigid plastic, and fiber. 
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2. Ultimate Strength or Tensile Strength. The stress required to rupture the sample. 

3. Ultimate Elongation. The extent of elongation at the point where the sample 
ruptures. 

4. Elastic Elongation. The elasticity as measured by the extent of reversible elongation. 

Polymers vary widely in their mechanical behavior depending on the degree of crystal- 
Unity, degree of crosslinking, and the values of T g and T m . High strength and low. extensibility 
are obtained in polymers by having various combinations of high degrees of crystallinity or 
crosslinking or rigid chains (charcterized by high T g ). High extensibility and low strength in 
polymers are synonymous with low degrees of crystallinity and crosslinking and low T g 
values. The temperature limits of utility of a polymer are governed by its T g and/or T„. 
Strength is lost at or near T g for an amorphous polymer and at or near T m for a crystalline 
polymer. 

An almost infinite variety of polymeric materials can be produced. The polymer scientist 
must have an awareness of the properties desired in the final polymer in order to make a 
decision about the polymer to be synthesized. Different polymers are synthesized to yield 
various mechanical behaviors by the appropriate combinations of crystallinity, crosslinking, 
T g7 and T m . Depending on the particular combination, a specific polymer will be used as a 
fiber, flexible plastic, rigid plastic, or elastomer (rubber). Commonly encountered articles 
that typify these uses of polymers are clothing and rope (fiber), packaging films and seat cov- 
ers (flexible plastic), eyeglass lenses and housings for appliances (rigid plastic), and rubber 
bands and tires (elastomer). Table 1-4 shows the uses of many of the common polymers. 
Some polymers are used in more than one category because certain mechanical properties 
can be manipulated by appropriate chemical or physical means, such as by altering the 
crystallinity or adding plasticizers (Sec. 3-14c-l) or copolymerization (Sec. 3- 14b, 
Chap. 6). Some polymers are used as both plastics and fibers, other as both elastomers 
and plastics. 
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1-6b Elastomers, Fibers, and Plastics 

The differences between fibers, plastics, and elastomers can be seen in the stress-strain plots 
in Fig 1-10 The modulus of a polymer is the initial slope of such a plot; the tensile strength 
and ultimate elongation are the highest stress and elongation values, respectively. Elastomers 
are the group of polymers that can easily undergo very large, reversible elongations (< 500- 
1000%) at relatively low stresses. This requires that the polymer be completely (or almost 
completely) amorphous with a low glass transition temperature and low secondary forces so 
as to obtain high polymer chain mobility. Some degree of crosslinking is needed so that the 
deformation is rapidly and completely reversible (elastic). The initial modulus of an elasto- 
mer should be very low «100 N cm* 2 ), but this should increase fairly rapidly with increas- 
ing elongation; otherwise, it would have no overall strength and resistance to rupture at low 
strains Most elastomers obtain the needed strength via crosslinking and the incorporation of 
reinforcing inorganic fillers (e.g., carbon black, silica). Some elastomers undergo a small 
amount of crystallization during elongation, especially at very high elongations, and this 
acts as an additional strengthening mechanism. The T m of the crystalline, regions must be 
below or not significantly above the use temperature of the elastomer in order that the crys- 
tals melt and deformation be reversible when the stress is removed. Polyisoprene (natural 
rubber) is a typical elastomer— it is amorphous, is easily crosslinked, has a low T g 
(-73°C) and has a low T m (28°C). Crosslinked (moderately) polyisoprene has a modulus 
that is initially less than 70 N cur 2 ; however, its strength increases to about 1500 N Cro- 
at 400% elongation and about 2000 N cm" 2 at 500% elongation. Its elongation is reversible 
over the whole elongation range, that is, up to just prior to the rupture point. The extent of 
crosslinking and the resulting strength and elongation characteristics of an elastomer cover a 
considerable range depending on the specific end use. The use of an elastomer to produce an 
automobile tire requires much more crosslinking and reinforcing fillers than does the elasto- 
mer used for producing rubber bands. The former application requires a stronger rubber with 
less tendency to elongate than the latter application. Extensive crosslinking of a rubber con- 
verts the polymer to a rigid plastic. 

Fibers are polymers that have very high resistance to deformation— they ^undergo only 
low elongations «10-50%) and have very high moduli (>35,000 N cm" 2 ) and tensile 
strengths (>35,000 N cm- 2 ). A polymer must be very highly crystalline and contain polar 
chains with strong secondary forces in order to be useful as a fiber. Mechanical stretching is 
used to impart very high crystallinity to a fiber. The crystalline melting temperature of a fiber 
must be above 200°C so that it will maintain its physical integrity during the use tempera- 
tures encountered in cleaning and ironing. However, T m should not be excessively high— not 
higher than 300°C— otherwise, fabrication of the fiber by melt spinning may not be possible. 
The polymer should be soluble in solvents used for solution spinning of the fiber but not in 
dry-cleaning solvents. The glass transition temperature should have an intermediate vlaue; 
too high a T g interferes with the stretching operation as well as with ironing, while too 
low a T g would not allow crease retention in fabrics. Poly(hexamethylene adipamide) is a 
typical fiber. It is stretched to high crystallinity, and its amide groups yield very s^ n gj*c- 
ondary forces due to hydrogen bonding; the result is very high tensile strength (70,000 N 
cm- 2 ) very high modulus (500,000 N cm" 2 ), and low elongation «20%). The T m and T g 
have Jptimal values of 265 and 50°C, respectively. [The use of poiypropene as a fiber isan 
exception to the generalization that polar polymers are required for fiber applications. Tne 
poiypropene used as a fiber has a highly stereoregular structure and can be mechanically 
stretched to yield a highly oriented polymer with the strength characteristics required of a 
fiber (see Sec. 8-1 Id).] 
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Plastics represent a large group of polymers that have a wide range of mechanical beha- 
viors in between those of the elastomers and fibers. There are two types of plastics— flexible 
plastics and rigid plastics. The flexible plastics possess moderate to high degrees of crystal- 
linity and a wide range of T m and T g values. They have moderate to high moduli (15,000- 
350,000 N cm -2 ), tensile strengths (1500-7000 N cm" 2 ), and ultimate elongations 
(20-800%). The more typical members of this subgroup have moduli and tensile strengths 
in the low ends of the indicated ranges with elongations in the high end. Thus polyethylene is 
a typical flexible plastic with a tensile strength of 2500 N cm' 2 , a modulus of 20,000 N 
cm" 2 , and an ultimate elongation of 500%. Other flexible plastics include polypropene 
and poly(hexamethylene adipamide). Poly(hexamethylene adipamide) is used as both a fiber 
and a flexible plastic. It is a plastic when it has moderate crystallinity, while stretching con- 
verts it into a fiber. Many flexible plastics undergo large ultimate elongations — some as large 
as those of elastomers. However, they differ from elastomers in that only a small portion 
(approximately <20%) of the ultimate elongation is reversible. The elongation of a plastic 
past the reversibie region results in its permanent deformation, that is, the plastic will retain 
its elongated shape when the stress is removed. 

The rigid plastics are quite different from the flexible plastics. The rigid plastics are char- 
acterized by high rigidity and high resistance to deformation. They have high moduli 
(70,000-350,000 N. cm -2 ) and moderate to high tensile strengths (3000^8500 N cm" 2 ), 
but more significantly, they undergo very small elongations (<0.5-3%) before rupturing. 
The polymers in this category are amorphous polymers with very rigid chains. The high 
chain rigidity is achieved in some cases by extensive crosslinking, for example, phenol- 
formaldehyde, urea-formaldehyde, and melarnine-formaldehyde polymers.. In other poly- 
mers the high rigidity is due to bulky side groups on the polymer chains resulting in high 
T g values, for example, polystyrene (T g = 100°C) and poly(methyl methacrylate) 
(r s = 105°Q. 
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PROBLEMS 

1-1 Show by equations the o 
from 

a. CH 2 =CH-C0 2 H 

C H 2 N-(CH2)5-NH 2 

d. HO-(CH2)5-C0 2 H 

e. CH 3 -^^NCC 

NCO 

f. CH 2 =CH-F 

1-2 What is the structure of 
any other monomer(s) I 
polymer? 

1-3 Classify the polymers 
Classify the polymeriz 
polymerizations. 

1-4 How would you experir 
monomer X was procec 

1-5 Name each of the poly 
names where applicable 
trade names. 

1-6 Name each of the folio 
a. -f OCH^- 

CH 2 COOCH 3 
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gl«»/e ihalleti-Arm-xo/riM 
^ mion^or^ statement : \tr 
Wi i caV short :»briWl,, 

pUMMARY; PITHY. COMrfJ 
i tSuuoa:^ CONCISE suggesti 
Jiboratiye; TERSE implieV" 
jrtllest^ possible compreiT 
JIJSmihgTude, indifferent; « „ 
frtcnt of main points with f&i 
-^|j?td tr sucaNCT or mf 
f^substahce; compendioU) i 
| |p*d brief- and concise in tr&§ 

■ incraoh-, concisio, U. t ' 
iff^2i;tthe quality ot 

p^MU MF, fr. ML, fr. H 
fwkeyAt more at Clavici j 
nb\y,fesp : a meeting oTL 
sly while choosing a popt^l 

m82 ■ f, J 

|] con-clud'ing [ME conciudf^^ 
Jgftm'^Hi'claudere to shut «*.gi 
j (enclose 2 : to bring IOfi| 
ftrtlcular^action <~ a mectinj 
Bljiprecessary end by reasonfo^J 
5w«i,that ' her argument wal ftp 8 
pmiXoonc/ulrfed he would wall I 
«Snt] onV": 'EFFECT <~'a sale) j 
j|^W^l := END 2a: to| 
Son or agreement sya i 



. L conclusion^ conclusio, 
: a reasoned judgment 



Kton \k an -^kl ii-zhan V » [ME, fr. MF, fr. 
Mc/unu, pp. of rconcludere) (14c) 1 a . „ 

jltNCEf o?: :the necessary consequence. of two or.more proposj- 
. liken: as 'premises; esp : :the inferred proposition of a syllogism 2 
jJjaVtgpart: of something;; as a .: RESULT.' OUTCOME b pl.i. trial of 
ithjor skill — used in the phrase try conclusions c : a final sum- 
nfed.: . the; final decision tin a law case e : the final* part- of a 
E 5ffii : laiw.^3 : Ian act or instance of concluding i , , 
. J?e>\r!klu-sivr-riv\ adj (1612) of or relating to a conclusion 
ijtihg an end to debate or question esp. ;by . reason of irrefutability 
" <lu4ive4y ddv — con-clu-sive-ness n 

inclusive, decisive, determinative, definitive mean bringing. to 
^conclusive applies to reasoning or logical proof that puts an 
, jOtdebate .or questioning; decisive may apply. to something that 
|J| controversy, a contest, or any uncertainty;. determinative adds 
^ication of giving a fixed course or direction; definitive applies 
jfcjis: put forth as, final and permanent.,- v ■ , f V S; . . **. „s .V.r 
Wj\k3ri-'kakt/kanA vf [L concoctus. pp. of concoauere to cook 
fc«n\jrbm- i-f- coiguere.to' cook' more at cook] .0 675) 1 : to 
W]by combining crude materials'' 2 % i. devise, fabricate — con- 
n^- con«cootion ) V*kak-sh3n\ n ~ cdn*coc*tive \-Tcak-tiv\ adj. 
-4«|wcie1\k3nAain-3t-3n(t)s, kan-\.n r (1535) accompaniment, 
Conjunction that is regular and is marked by cqrrdaUve, varia- 
jf'iiocompaliying elements " „ A \, \ ' : ' ' 

(^l-tam ; \ot-3nt\ adj [L concomitant-, con com itans, prp. of con- 
Tfjto. accompany u fr com- + comitan to accompany fr. comit„ 
fompanion — "more at COUNT] (1607) : accompanying esp. in a 
flnate'or- incidental way — con<bm«i«tant»ly adv ' ' 
lt)UuQt,nL(1621) : something that accompanies or is collaterally 
Med with something else : accompaniment 
l^Vahf,kd(5)rd, "kanA n [ME fr: MF cohcorde, fr. L concordia, 
icem-;<cohcors agreeing, fr. com- + cord-, cor heart — more at 
jjj(14c) #1 a : .a state of agreement : harmony b : a simulta- 
K^urrence!bf x two"r<>r.more musical tones. that produces an im- 
^Xpfyagreeableness or resolution on a listener — compare DIS- 
j^J,: 'agreement by stipulation, compact; or covenant 3 
^UcaTagreement ' . : . *' 

Jtnce;\TtOTi , k6rd-'n(t)s. kan-\ n [ME, fr. MF, fr. ML concor- 
Wft%&cbncordant% .concordats, prp. - of ebneordare to agree, At. 
*il^bhcors] l(lAc) .. I t: an alphabetical index of the principal 

wl&bodk or the works of an.author with their immediate con- 

tecbNCORDrAGREEMENT ' ' } - '"■ 

»nt \^nt\ adj [ME, fr. MF, fr. I: concordant-, concordans] (\Sc) 
^antMcreeinc— con«cor-dant*ly adv 

tit^.\ksh-*k6r- l dat\ n [F, fr. ML concordaturru fr>L, neut. of 
Wtus. v&ft concordat*] (1616) : compact. covenant: spec//: an 
fnt between a pope and a sovereign or government for the rcgu- 
1 ecclesiastical matters 

„t|d'e-le-gance \( # )k6 B -,ku(a)r- t da-lS- , ga° s \ n [F concours d'ile- 
$Vr, competition of elegance] (1950) : a show or contest of vehi- 
Mfaccessories in which the entries are judged chiefly.on excel- 
rtppearance and turnout ; • 

j^^arf-.k^rs, ?kan-. -,ko(»)rs\ n [ME, fr. MF & Lj MF.con- 
fcML concursus, fr: concursus, pp. of concurrere to run together— . 
K$)!concur] (14c) 1 : an act or. process of coming together and 
Btfcr*2 :^a meeting produced by. voluntary or spontaneous coming 
JktpiSx a an open space where^ roads or paths meet b : an open 

hall; (as in a railroad terminal) where crowds gather . 
licence ^XkOT-Tcres-'ndH. kanrV " [L concrescentun f r. ; concre- 
f[toncrescens,. prp- of concrescere to grow together, Jr. com- + 
Wio grow — more at crescent] (1614) 1 : increase by the addi- 
m particles,; 2 : a growing together :^coalescence; esp.: conver- 
fihd fusion, of the lateral lips of the blastopore to form the pri- 
jgtivof ah embryo — con*cres<ent \-' nt \ °4i 
* *\(0kan- , kret, t kan-„,k3n-'\ adj [ME, fr. L concretus, fr. pp. of 
e].(14cV. 1 : naming a reaJ thing or class of things (the word 
>, poetry is abstract) 2 : formed by coalition of particles into 
I mass .*. 3 a : characterized by or belonging to . immediate 
SijpV. actual, things or events b : SPEcmc," particular.,, c 
^Tangible 4 : relating" to or made of concrete." — r con<rete^ly 
ftOflHCrete-ness n - ... ' 
tlA*kan - Jc r et , kan -*\ vb con-cret«ed; con*cret>ing vt ( 1 63 5) 1 a 
#m to a, solid mass : solidify b : combine, blend 2 : to make 
a^rea! : cause to take on the qualities of reality 3 : to cover 
'of, 1 or set in concrete *vW: to become concreted ... 
Wi;\^ani'^r€t,. (OkanA n (1636) J 1 : a mass formed by cbricre- 
J^C^alescence of separate* particles of matter, in one body 2 : a 
|6r0ng t building material made by mixing a cementihgmaterial (as 
■^Icement),- and a mineral aggregate (as sand and gravel) with 
jjywatef; to cause the cement to set and bind the entire 'mass 3 
y; essence of flowers 4 prepared by extraction and evaporation 
J in perfumery .' r: • 

l'mn«cV(1950): musique concrete 

" ~?<n\{\95%) : poetry 'in which the poet's intent is'cbnyeyed 
"~ tterns of letters, words, or symbols rather than by the 

I'anrangement of words t 

_b!\kan'- , kre-shin, ! kan-\ n (1 514) 1 : ' something concreted: as 
ird['usu5 inorganic mass (as a bezoar or- tophus) formed in a 
jCdy.; r b": v a mass of mineral matter found generally in rock of a 
ption;different from its own and- produced by deposition from 
Solution in the rock 2 the act or process of concreting : the 
B^hgfconcreted <~ of ideas in an hypothesis) — con<re»tion- 
^pner-CX adj ' v '" 

i *T?\kan- , kret- t iz-am, Ttan-A n (1865) .: representation of ab- 
gs 1 as concrete; esp : the theory or practice of concrete poetry 
jfcst Vkret-ast, -Jtrtt-\ n 1 

lt^V-Jz\*v6 -ixed; At/tag vt (1884) : to make concrete, specific, 
it te'< tried to his ideas) vi : to become concrete — con<ret- 
i i \(4)k*ah-Jcret-3- , zft-sh3nV'' " ! ' " ' " 

i*lge \kan-*kvu-b9-nij, kan-\ n (14c)- 1 V\ cohabitation of per- 
4 legally marned - 2 : the state of being a concubine 
ii^a^kyu-,bin, ''kan-V n [ME, fr. : MF, fr. L concubina, fr. 
Tewtere to lie — more at hip] (14c) 1 : a woman living in a 
Wecoghiied state of concubinage 2 : -mistress • • m 'w - 



..conclusion • condition f2?3 

con<o*pis-cence \kan-*kyii-po-s3n(t)s, kan-\ n [ME, fr.' MF. fr. LL con- 
cupiscentia,: fr. L concupiscent-', concupiscent; prp.. of concupiscere to 
desire -ardently, fr. com- + cupere to desire:-^ more at' covet] (14c) 
■ • : strong desire; esp : sexual desire — con<6*pis<ent \-sant\ adj 
con-cu-pis<i4>le VTtyU-p^so-balV adj [ME, fr.^MF or LL; MF, fr. LL 
concvpiscibilis, fr. L concupiscere] (14c) : LUSTFUL DESIROUS 
con-cur Xkan-Var, k'an-\ vi cori^urred; con-CUfrins [ME concurred fr. L 
tconcurrerefix. com- + current to nin-^ more atXAR] (15c) 1 4 : to act 

* together ; to a common end or; single effect , i2 a : « approve <^ 'in a 
■" statement) b :: to express agreement (~ with an opinion) 3 obs :' io 

corner together : MEET 4 : to happemtogether : COINODE sya see 
('agree - -* *..):v in™ ■ ~ . - .o; a 

con*cur*renc« Vkar-3n(t)s, ••k»-r3n(t)sVn (15c) 1 s a agreement or 

• union in action : COOPERATION , b XO : agreemerit in opinion or design 
-(2) : CONSENT/ 2 : a coming together : conjunction 3 : a coincidence 
'of equal powers in law ynv l \" 
con<iir«rent : \- , k9r-3nt;-- , k>rantK adj [ME, fr. MF & U^MF, fr. L eon- 
" currenU. concurrens, prp. of concurrere] (14c) «1 Moperating or occur- 
ring at 'the same time 2 'a CONVERGENT; specif :~ meeting or inter- 
secting in a point b : running parallel 3 : acting in conjunction 4 
: •exercised; over the same matter or area by two different authorities 
<~ jurisdiction) -— concurrent n — con-cur^ent-ly dtfv -i' - 

concurrent resolution n (1802) : a resolution passed by both houses of a 
« legislative body that lacks ^the force of law s 1 < * .i.-uz< -- "tr-WJ 
con<cuss \k»n-*kas\ vt [L concussus. pp.] (1597) : to affect with or as if 

with concussion ' r ^ : - - 

con-cus-sion \ksn- , k*sh-an\ n [MF or L; MF, fr. L concussion^ con- 

cussio, h: concussus, pp.* 'of concufere to shake violently, fr: eoni^ ? + 

quatere to shake].(l 5c) 1 : agitation, shaking 2 ..a : a hard blow or 
. collision b : a stunning, damaging," or -shattering "effect* from a hard 

blow; esp : a jarring injury of the brain resulting in disturbance , of 
: cerebral function — con^us-siVe ykas-ivVod/ 

coh«demn Vkan-'demX W [ME condemhen, fr. MF condemner, fr.-t eofl- 
demnare. fr. com- + damnare to condemn — more at damn] (14c) 1 
to declare to be reprehensible, wrong, or evil^'usu. after -weighing 
evidence and without reservation u 2 ' a to pronounce guilty :' con. 
vict b : SENTENCE. DOOM- 3 : to adjudge unfit' for use or consumption 

' 4 : to declare convertible to public use under the right of eminent do- 
main syn see criticize — con«dem*nable A-'denvfayaibal^ adj — con- 
den>na*t6*ry \-n^,t6r-€, -,tor-\ adj — cbn>demn«er V'derh-arS or icdn- 
dem-nor \kan-deni-an kan-.denv'nd^r, ,k'an-\ n r ^ '/ 

con<dem'na>tion^\ l kan- l deni- > na-shan, -dam-\ h '(14c) 1 : censure, 
blame* 2 : the act of judicially condemning . 3 : the state of being 
condemned 4 s a reason for condemning . 

con«den<ate'\*kan-d3n- ( sat, -,den-; kan-'deh-V n (ca. 1885) : a' product 
of condensation; esp : a liquid obtained by condensation of a gas or 
vapor (steam «^) ''• ' . s ~ '' S T - • ; < . - 

con-den*sa*tion \ > kan'-,den- > sa-sh3n, -dan-\;n (1603) ' 1: the'act or pro- 

: cess ; of condensing: as a : a chemical -reaction involving union be- 
tween 'molecules often with' elimination of a "simple molecule (as water) 
to form a new more complex compound of of terr greater molecular 
weight ' b : a reduction to a denser form' (as' from steam to water)'j c 
: compression of a written or spoken work into 1 more concise form 2 
: the quality or state of being condensed 1 3 : a product of condensing; 
esp z ah abridgment of a literary work — con-den-sa-tion-al \-shndl, 

: sn3n-*l\ adj 

con-dense \k3n-'den(i)s\ vt) con-densed; con*dens*ing [ME condensen, fr. 
MF condenser, fr. L condensare, lr\ com- +\densare to make'dense, fr. 
densus dense] vt (1 5c) : to make denser or more compact; esp : to sub- 
' ject to condensation ~ vf : to undergo condensation syn see CON- 
TRACT — con«dens-able also wo^lens-ibfe V'den(t)-s?-t»l\ adj 

con-densed adj (15c) : reduced to a more compact form; esp : having a 
face that is narrower than that of a typeface not so characterized 

condensed milk n (1 863) : evaporated milk with sugar added, 

con-dens^er \k9n- ( den(t)-sar\ n (1686). 1 : one that condenses: as a : a 
lens or mirror used to concentrate light on an object b : an apparatus 
in which gas or vapor is condensed .2 :, capacitor . 

con-descend \Jcan-di-'send\ vf [ME condescended f r. MF condescendre, 
it. LL condescendere. fr. L cbm- "+. descendere to descend] (14c) 1 a 
: to descend to 'a less formal or dignified level : unbend b : to waive 
the privileges of rank 2 : to assume an air of superiority 

con«de-scen*dence V ( sen- : d9fi(t)s\n(1638) : condescension 

condescending adj (1707) : ^ . , . 

sion : patronizing — cor * 

coh«de*cen-sibn \,kan-di-*_- 

fr. cohdescensus, pp. of condescenaere] (1647) ' 1 : voluntary descent 
from - one's rank or dignity in relations with an inferior', 2 - : patroniz- 
ing attitude or behavior 

con«dign \kan-'din, *kan-,\ adj [ME condigne, frr MF/fr. L condignus 
very worthy, fr. com- + dignus worthy —.more at decent] (15c) : de- 
served, appropriate^ punishment) con«dign«ly adv 

'con«dJ*ment \Ttan-d>m3nt\ n [ME, fr. ; MF, fr. L cohdimentum, fr. con- 
dire to. pickle; fr. condere to build, store up, fr. com- + -here to put'. — 
more at do] (15c) : something used to enhance the flavor of food; esp 
: a pungent seasoning — ' con>di*men*tal \ikan-d> , ment- 8 l\ adj ",. 

'cbn-di'tion \kan-*dish-3n\ n [ME condition, Jr. MF, fr. IS* condition-, 

' conditio Jcrms of agreement, condition, fr. condicere to agree, fr. com- 
di'cere to say, determine -i- more at diction] (14c) 1 a : a premise 
upon which the fulfillment ;of an agreement depends : stipulation b 
obs -, COVENANT, c: a provision makiria the effect of a legal instrument 
contingent upon an uncertain event; also : the event itself 2 : 'some- 
thing essential to the' appearance or' occurrence of ' something else 
: PREREQUISITE: as a : an environmental requirement (available, oxy- 
gen is an essentia] ~ for animal life) b : the subordinate clause of a 
conditional sentence 3 a : a restricting or modifying factor : quali- 
fication, b : an unsatisfactory academic grade that may be raised by 

\9\abut \S kitten, F table \ar\ farther \a\ash \a\ace \a\cot, cart 
\au\ont \ch\chin \c\ bet \e\easy \g\go \i>Mt \T\fce \j\ jbb 
\n\ sing \6\ go \6\ law \6i\ boy \th\ thin \Lb\ theT \u\ loot \i\ foot 
\y\yet \zh\ vision \a,^, B , ce, fie, ue, Be, ^see Guide to Pronunciation 



dj (1707) : showing or characterized by condesccn- 
ig — con*de<cend*ins*ly \-'sen-din-lg\ adv 4 
k'an-di-'sen-ch3n\ n rLL condescension-, condescensio. 
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BLOOD 



bleach. To whiten a textile or paper by chemical 
action. Also the agent itself. Bleaching agents in- 
clude hydrogen peroxide (the most common), so- 
dium hypochlorite, sodium peroxide, sodium chlo- 
rite, calcium hypochlorite, hypochlorous acid, and 
many organic chlorine derivatives. Chlorinated lime 
is a bleaching powder used on an industrial scale. 
Household bleaching powders are sodium perborate 
and dichlorodimethylhydantoin. 
Hazard: See calcium hypochlorite; lime, chlori- 
nated. Some bleaching agents are toxic and strong 
oxidizing agents. 

bleaching assistant. A material added to bleach- 
ing baths to secure more rapid and complete pen- 
etration of the bleach or improved regulation of the 
bleaching action, e.g., compounds of sulfonated 
oils and solvents, soluble pine oils, fatty alcohol 
salts, sodium silicate, sodium phosphate, magne- 
sium sulfate, and borax. 

bleaching, fluorescent. The use of colorless 
fluorescent organic compounds to produce a whit- 
ening effect on textiles. 

bleaching powder. See bleach; calcium hypo- 
chlorite. 

bleach liquor. A solution of either sodium or cal- 
cium hypochlorite and water. 

bleed. ( 1 ) When a dye runs. (2) To release pressure 
gradually, as via a valve. 

blend. A uniform combination of two or more ma- 
terials either of which could be used alone for the 
same purpose as the blend. For example, a fabric 
may be a blend of wool and nylon, either of which 
is itself usable as fabric. Instances of materials that 
are often blended are: 

plastics (polyblends) grains 

whiskeys coffees 

fabrics paints 

colors tobaccos 

metal powders solvents 
fertilizers 

See mixture; mixing; kneading. 

bleomycin. A glycopeptide antibiotic produced 
by Streptomyces verticilius; it functions as an an- 
tineoplastic and diagnostic agent. The molecule is 
exceedingly complex, but synthesis was achieved 
in 1982. It is a colorless to yellowish powder, sol- 
uble in water and methanol but insoluble in acetone 
and ether. It induces rupture of DNA strands. 

blinding, (blister copper). 
Properties: Copper (96-99% purity) produced by 
the reduction and smelting of copper ores. It has a 



blistered appearance, probably caused by gas pock- 
ets. It is usually further refined electrolytically. 

blister gas. See dibromodiethyl sulfide. 

blister packaging. A type of packaging used 
widely in the food and pharmaceutical industries, 
consisting of a hollow cavity of various shapes and 
capacities in which the material is enclosed. Poly- 
ester and polyethylene resins are often used. 

block. (1) Undesirable cohesion of films or layers 
of plastic. 

See antiblock agent. 

(2) A type of polymer. 
See block polymer. 

block copolymer. Polymer containing long 
stretches of two or more monomelic units linked 
together by chemical valences in one single chain. 
See block polymer. 

block polymer. A high polymer whose molecule 
is made up of alternating sections of one chemical 
composition separated by sections of a different 
chemical nature or by a coupling group of low mo- 
lecular weight. An example is blocks of polyvinyl 
chloride interspersed with blocks of polyvinyl ac- 
etate. Such polymer combinations are made syn- 
thetically. They depend on the presence of an active 
site on the polymer chain that initiates the necessary 
reactions. 

See graft polymer; stereoblock polymer. 




blood. A complex, liquid tissue of d 1 .056 and pH 
7.35-7.45. It is comprised of erythrocytes (red 
cells), leucocytes (white cells), platelets, plasma, 
proteins, and serum. The plasma fraction (55-70%) 
is whole blood from which the red and white cells 
and the platelets have been removed by centrifug- 
ing. Hemoglobin is a protein found in the erythro- 
cytes. It contains the essential iron atom and func- 
tions as the transport agent for oxygen from the 
lungs (arterial blood) and of carbon dioxide to the 
lungs from the heart (venous blood). Experimental 
work has been reported on the effectiveness of fluo- 
rocarbon compounds in carrying out the essential 
transport functions of blood, especially of the red 
cells. 

Use: Plasma is used to restore liquid volume and 
thus osmotic pressure in the body where blood loss 
has been extensive. Animal blood is used as a com- 
ponent of adhesive mixtures. In dried or powder 



